Abstract: Ki-67 is considered as one of prime biomarkers to reflect cell proliferation and immunohistochemical Ki-67 staining has been widely applied in clinical pathology. To solve the widespread controversy whether Ki-67 reactivity significantly predicts clinical prognosis of bladder carcinoma (BC), we performed a comprehensive metaanalysis by combining results from different literature.
INTRODUCTION

B
ladder carcinoma (BC) ranks top as the most common malignant tumor in urinary system, with an estimate of 74,000 new cases and 16,000 deaths in America and 429,800 new cases and 165,100 deaths in 2012 worldwide, respectively. 1, 2 Despite the improved therapeutic strategies nowadays, such as transurethral resection or radical cystectomy, there are still an epic number of BC patients suffering from tumor progression and recurrence. In addition, 5-year relative survival trend and prognosis of BC remain obscure and unfavorable. treatments for patients in early stages. Consequently, there is a pressing appeal to identify molecular biomarkers to effectively forecast the clinical outcomes for BC patients.
Ki-67 is a nuclear protein which can be detected during the cell cycles of G1, S, G2, and M stages except G0 6 and now has been widely applied in immunohistochemistry (IHC) to assess the activities of cell proliferation in various cancers. Compared with other well-identified molecular biomarkers, such as p53, 7 survivin, 8 and so on, Ki-67 is a preferably convenient biomarker for the proliferation status of tumor cells. Recently, several studies continuously reported that Ki-67 is an independent indicator to predict poor clinical outcomes of both no-muscle invasive and muscle invasive BC patients. [9] [10] [11] [12] Two studies featuring large sample sizes of tissues, by Margulis et al 13 and Wang et al, 14 respectively, have concluded that Ki-67 reactivity correlated significantly with poor cancer-specific survival (CSS) and recurrence-free survival (RFS) of BC patients. Nevertheless, there were also studies demonstrating contradictory results. 9, 15 Considering the controversy of literature, we performed the current comprehensive meta-analysis, which combined results from different literature to confirm whether Ki-67 reactivity is an independent indicator to predicting the prognosis of BC patients.
MATERIALS AND METHODS
Literature Search and Selection
A comprehensive literature search was completed in the Chinese databases of WanFang, China National Knowledge Infrastructure and Chinese VIP as well as English databases of PubMed, ISI web of science, EMBASE, Science Direct, and Wiley online library with closing date marked on September 15th, 2015. Literature were identified by the combination of the following keywords Ki67 OR Ki-67 OR MKi-67 OR MIB1 OR MIB-1 OR proliferation index OR PI OR proliferation activity OR proliferation marker OR mitotic index OR mitotic figure OR mitotic activity OR mitotic count OR labeling index OR LI OR MI; bladder; tumor OR cancer OR carcinoma OR neoplas Ã OR malignan Ã ; and prognos Ã OR predict OR surviv Ã OR follow-up OR outcome OR mortality. Two independent investigators (YL and HZ) screened eligible studies by the same multistep procedures. First, investigators reviewed the titles and abstracts of the identified literature prudently. Studies which explored the relationship between Ki-67 reactivity and clinical outcomes of BC patients were deemed to be eligible. Second, full texts of the eligible literature were carefully reviewed and assessed according to the following inclusion criteria: literature must detect the reactivity of Ki-67 by IHC in BC tissues and evaluate the correlation of Ki-67 reactivity with survival outcome of BC patients, and were published in either Chinese or English; hazard ratios (HRs) and its 95% confidence interval (CI) for prognostic marker were provided by authors or could be calculated from available data presented in articles. Accordingly, the following circumstances might result in exclusion for the current meta-analysis: articles investigated the clinical outcomes of BC patients by the combination of Ki-67 with other immunohistochemical marker(s); animals, cell lines, or laboratory studies were not suitable for the meta-analysis; reviews, letters, and case reports were also excluded; and literature failed to estimate HR and its 95%CI by the information offered. Moreover, we tried to contact the authors when survival analysis was conducted in the articles but insufficient data were supplied for HR and 95%CI calculation. To avoid duplications, literature with the most complete data for analysis should be included if the same or overlapping cohorts were used in different studies or the same article published in different journals. Finally, the interesting articles remained were included in our meta-analysis as well. Controversies were solved by discussing with a 3rd investigator (GC).
Data Extraction
The information of the included studies was extracted carefully by 2 independent researchers (YL and CH) with the same criteria and standardized table. The following data from literature were extracted: first author, published year, number of patients, median or mean age of the patients, fold of antibody dilution, whether blind reading or not, cut-off value, tumor stage, treatments for patients, follow-up period, and data for survival analysis. No quality assessment was performed for each study by any scale, since there existed no universally acknowledged quality scoring systems for meta-analyses of follow-up studies. 16 Controversial viewpoints were solved by discussion with a 3rd investigator (CG).
Statistical Methods
The HR values were extracted from each study, later synthesized into a meta-analysis, and used to estimate the risk of high Ki-67 reactivity on patients'survival. For each study, we extracted the survival data with the method by Tierney et al. 17 Survival data were either drawn directly or calculated by the calculator of Review Manager 5.3 if required data were available to estimate the HR values and its 95%CI. For the literature only with survival curves, the software, Engauge Digitizer version 4.1 (http://digitizer.sourceforge.net/), was in the charge of calculation. When an HR > 1 and its 95%CI 1, it indicated that high Ki-67 reactivity was associated with poor survival outcomes in BC patients.
Heterogeneity test for studies included was conducted by x 2 and inconsistency (I 2 ) test, setting a significant level at 0.05% and 50%. 18, 19 To take all heterogeneity, such as different cut-off value and/or methods of measurement, into consideration, random-effect model was employed to calculate the combined HRs. [20] [21] [22] Subsequently, subgroup analysis was employed to further analyze the associations of Ki-67 reactivity with clinical outcomes in patients from different origins and under different cut-off values. We have divided the studies into Asian or European-American group by origins and divided the studies into high or low cut-off group with a ''cut-off'' value of 20%, which were used to classify Ki-67 reactivity in 2 large samples studies published by Margulis et al and Wang et al, respectively. 13, 14 Sensitivity analysis was conducted to examine the stability of meta-analysis. Moreover, Begg test and funnel plots would be used to examine the publication bias if the numbers of studies were above 10. 23 If significant publication bias was detected, trim and fill method would be applied to retrieve ''missing'' literature. 24 The statistical processes were all conducted by STATA version 12.0, and a 2-sided P 0.05 was considered statistically significant. The current study is a metaanalysis and all the data were extracted from published literature, and therefore ethical approval was waived for this metaanalysis. All the procedures of this meta-analysis were performed according to PRISMA guidelines. 25 
RESULTS
Summary of Literature' Characteristics
The search strategy of the current meta-analysis identified a total of 3682 literature, including 2825 studies form English databases and 857 studies from Chinese databases. Overall, 3241 records, identified irrelevant by title and abstract screening, were excluded; and the remained 441 records, which investigated the relationship between Ki-67 reactivity and survival outcomes of BC patients, were evaluated in full text. According to our inclusion criteria, 76 studies (n ¼ 13,053 patients), 9, [13] [14] [15] published from 1997 to 2015, were eligible and eventually included in our meta-analysis for analysis of the correlation between Ki-67 reactivity and clinical prognosis of BC patients (Figure 1) . Tables 1 and 2 summarized the main characteristics of the included studies that analyzed the relationships between Ki-67 reactivity and clinical outcome by univariate analysis and multivariate analysis, respectively. For the patient cohorts among 76 studies, 35 were from Asia, 32 from Europe, and 9 from North America. The number of cohorts of each study ranged from 31 to 993, and all the studies detected Ki-67 reactivity by IHC, with an antibody dilution varied from 1:800 to 1:10. Thirty-seven studies assessed the status of immunostaining by pathologist(s) who was/were blind to the clinical outcomes, while another 39 studies did not report whether blind reading was adopted or not. The cut-off value to distinguish high Ki-67 reactivity from low Ki-67 reactivity was set from 5% to 55%. 
Univariate Analysis of Survival Status
A total of 45 studies (n ¼ 10,083 patients) of univariate analysis for survival status were available for our meta-analysis ( (Figure 2A ), 2.697 (95%CI: 1.874-3.883, P < 0.001) ( Figure 2B ), 2.649 (95%CI: 1.632-4.300, P < 0.001) (Figure 2C ), 3.506 (95%CI: 2.231-5.508, P < 0.001) ( Figure 2D ), and 1.792 (95%CI: 1.409-2.279, P < 0.001) ( Figure 2E ) for CSS, DFS, OS, PFS, and RFS, respectively (Table 3) . Nevertheless, significant heterogeneity existed in all meta-analyses of CSS (P < 0. 001 
Multivariate Analyses of Survival Status
For the meta-analyses of multivariate analysis, 58 studies with 8128 patients enrolled were included. The concomitant variables corrected in the multivariate analysis of each study have list in Table S1 (Additional file 2, http://links.lww.com/MD/ A894). Our meta-analysis represented that high Ki-67 reactivity was still significantly associated with shorter CSS 1.868 (95%CI: 1.343-2.597, P < 0.001) ( Figure 3A 
Sensitivity Analysis and Publication Bias
Sensitivity analysis was performed to examine the stability of the current meta-analysis by removing 1 study each time and later pooling the rest. The result of sensitivity analysis indicated that the study published by Frank et al 54 in CSS and Kruger et al 59 in PFS of univariate analysis were not stable and significantly influenced the pooled HR (Additional file 1: Figures S1-S2, http://links.lww.com/MD/A894). After excluding the study by Frank et al 54 and Kruger et al, 59 the metaanalyses of the remained studies were stable (Additional file 1: Figures S3-S4 , http://links.lww.com/MD/A894). The pooled HRs (random effect model) for CSS of univariate analysis changed from 2.588 (95%CI: 1.623-4.127, P < 0.001) to 2.798 (95%CI: 1.783-4.391, P < 0.001), and the pooled HR (random effect model) for PFS of univariate analysis altered from 3.084 (95%CI: 1.962-4.846, P < 0.001) to 3.331 (95%CI: 2.068-5.365, P < 0.001). For the others meta-analyses, the combined HRs were similar after the exclusion of studies, with the stability of meta-analyses confirmed.
Begg test and funnel plot were conducted to estimate the publication bias of the included studies. For univariate analysis, the results of Begg test and the shape of funnel plot presented us with no significant publication bias for CSS (P ¼ 0.857), OS (P ¼ 0.100), PFS (P ¼ 0.227), and RFS (P ¼ 0.771) ( Table 3 , Figure 4A-D) . As to multivariate analysis, no evidence of publication bias for meta-analyses (P > 0.05) was observed except for OS (P ¼ 0.033) (Table 3, Figure 5A -D). After refilling ''missing'' studies by trim and fill method, the adjusted pooled HR was not significant for OS (HR ¼ 1.058, 95%CI: 0.940-1.191, P ¼ 0.347) (Additional file 1: Figure S5 , http:// links.lww.com/MD/A894).
Systematic Review
According to the criteria of our meta-analysis, some studies, which investigated the relationship between Ki-67 reactivity and survival status of BC patients, were excluded for failing to estimate HRs and its 95% CIs. The main information of 23 excluded studies was listed in Table S2 (Additional file 2, http://links.lww.com/MD/A894), including 5 studies for CSS, 5 for DFS, 9 for OS, 9 for PFS, and 10 for RFS. For all 5 survival outcome (CSS, DFS, OS, RFS, and PFS), it can be concluded from 5 studies 97, 101, [109] [110] [111] that Ki-67 is an independent indicator to predict prognosis by multivariate analysis, while 7 studies 104, 105, 110, 112, 113, 116, 117 reported negative results.
DISCUSSION
Ki-67 is among the well-established proliferation biomarkers, which can be detected by monoclonal antibodies of Ki-67 with IHC. 120 Recently, proliferation biomarkers have Significant correlations of proliferating cell nuclear antigen with poor outcomes were also discovered in BC. 27, 39, 122 It is also reported that minichromosome maintenance 2, a prerequisite protein for initiation and elongation of DNA, is an independent prognostic factor for OS in gastric cancer and nonsmall-cell lung cancer. 123, 124 In addition, several metaanalyses claimed that Ki-67 exerts its vital influence on the prognosis of hepatocellular carcinoma, breast cancer, lung cancer, upper urinary-tract urothelial carcinomas (UTUC), cervical cancer, gliomas, and lymphoma. 125 -133 However, conflicting conclusions exist as to the prognostic role of Ki-67 reactivity in BC patients. Considering that a single study might seem unconvincing, we performed the current meta-analysis by combining the results from multiple studies to reach a reasonable conclusion.
The prognostic value of Ki-67 reactivity for tumors in urinary system has been reported in previous meta-analysis published by Lei et al, 134 which demonstrated that high Ki-67 reactivity displays significantly higher cancer-specific mortality and shorter 5-year DFS and OS in UTUC. Compared with the previous meta-analysis for UTUC, 134 our metaanalysis highlighted a larger cohort of patients and a more comprehensive report for clinical outcomes. Our results have drawn a similar conclusion that high Ki-67 reactivity seems to be an unexceptionable biomarker to predict an unfavorable prognosis for patients with urinary system tumors. Between-study heterogeneity may be a potential factor which influenced the pooled results, and significant heterogeneity was observed in the major meta-analyses. Although we have established rigorous inclusion criteria, such as that all the included studies should detect Ki-67 reactivity by IHC, there were still a few substantial differences among included studies, which might influence the pooled results. First, sufficient followup period is one of the vital factors for a prospective study, but not all the included studies were strictly designed to suit the condition. A case in point would be that 1 study included subjected to a follow-up period of merely 12 months. 95 Second, the tumor staging systems adopted for each study were also different, which might swing the clinical outcomes, since patients with more advanced stages are more vulnerable to unfavorable prognosis. Third, the most accurate HR should be calculated by multivariate analysis with original data. In the current meta-analysis, however, some studies failed to provide results of multivariate analysis. Hence, HR values would need to be extracted the from survival curves whenever possible, which is less reliable than data directly provided in the articles. Fourth, the differences in adjusting concomitant variables of each study might also contribute to heterogeneity, though we have pooled the multivariate HRs. Apart from the circumstances mentioned above, there might be other factors, such as scales of the cohort, ages of patients, dilution folds of antibody, and treatment methods, which would contribute to heterogeneity, so a random-effect model was employed to combine the HR values to take all the betweenstudy heterogeneity into consideration.
Subgroup analysis by origin showed that Ki-67 reactivity significantly correlated with unfavorable clinical outcomes in Asian and European-American patients in the univariate analysis. However, after adjusting concomitant variables, such as sex, age, tumor stage, and so on, different impacts of Ki-67 The cut-off values to define ''high'' Ki-67 reactivity also differed slightly among studies because of the lack of unified standards, which might potentially contribute to heterogeneity. Apart from this, using optimal cut-points might lead to discrepancy and influence the accurate HRs. 135 In the current meta-analysis, we set a threshold at 20% to define low or high cut-off values according to 2 large sample studies published by Margulis et al and Wang et al, respectively. 13, 14 In the subgroup of low cut-off value (<20%), the meta-analysis identified that high Ki-67 reactivity significantly correlated with worsened CSS, DFS, OS, PFS, and RFS in univariate analysis and was associated with shorter CSS, DFS, PFS, and RFS in multivariate analysis. As to the subgroup analysis of high cut-off value (!20%), it was well indicated that high Ki-67 reactivity, regardless of univariate or multivariate analysis, was significantly related to all 5 clinical outcomes in BC patients. Therefore, according to the results of our meta-analysis, a higher cutoff value (!20%) might be more appropriate and a wellestablished, orthodox threshold would be required to define high Ki-67 reactivity.
Publication bias is also a potential factor which influenced the pooled results. To minimize publication bias, we have conducted a comprehensive search and screening in different databases in English and Chinese. The conflicting conclusions of different literature may impel investigators to publish their research data, whether positive or negative, which will partially limit publication bias. However, publication bias was still detected in the studies of multivariate analysis for DFS and OS. The fact that not all relevant reports were retrieved might attribute to the mentioned bias, since quite a few studies were only included in systematic review due to the lack of proper data to estimate HR. Hence, in order to make results more creditable and reliable, trim and fill method was used for ''missing'' studies retrieving to minimize publication bias.
The meta-analysis featured several strengths, which are of great significance to clinical practices. First, we have conducted a comprehensive meta-analysis with a relatively large cohort size included (n ¼ 13,053 patients). Second, results of univariate and multivariate analyses were carefully studied and similar results of associations between Ki-67 reactivity and clinical outcomes were observed, which enhanced the reliability of our meta-analysis. Moreover, we have investigated 5 clinical outcomes of tumor prognosis in multiple dimensions, including CSS, DFS, OS, PFS, and RFS, and the results strongly indicated that high Ki-67 reactivity is significantly associated with poor clinical outcomes. Therefore, it is of primal importance to secure patients' access to personalized treatments in accordance with their individual conditions. A case in point would be for high-risk patients, especially those with high Ki-67 expression, to receive postoperative chemo-/radiotherapy. Meanwhile, the meta-analysis has a few limitations. To begin with, heterogeneity and publication bias still existed in the meta-analysis, which unfavorably influenced the results. Besides, the estimated HRs were extracted from survival curves when the accurate data were not immediately available in articles, which could be easily influenced by investigators despite the same methods applied.
Enlightened by the data extracted and results of the metaanalysis, we would like to kindly provide forthcoming researchers with the following recommendations: provide the full information of patients, such as age, tumor stage, and so on; use blind-reading and a well-received common cut-off value to assess the results of IHC; set aside a more sufficient follow-up period to allow for long-range outcomes; provide the results of univariate and multivariate analysis whether they are positive or not; and design the studies as prospective ones in the setting.
To conclude, it is demonstrated, by the current comprehensive meta-analysis on 82 studies with 13,053 patients involved, that high Ki-67 reactivity is significantly associated with deteriorated clinical outcomes, and that Ki-67 is an independent indicator for the prognosis of BC patients. Prospective studies with a large cohort of patients are demanded to further strengthen our findings on the correlation between Ki-67 and prognosis in BC patients.
